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Abstract
Introduction The Micronail
 is a minimally invasive in-
tramedullar titanium locking screw ﬁxation for two-part
dislocated extra-articular fractures and average displaced
intra-articular fractures.
Patients and methods In a retrospective study we ana-
lyzed the outcome of 20 distal radius fractures in 18
patients (17 female, mean age 78 years), which were
treated by Micronail
. Average follow-up time was
4 months. We describe the operative technique. All frac-
tures were classiﬁed according to AO guidelines. We
studied the radiologic and clinical outcome.
Results According to the AO classiﬁcation there were 12
A2, 3 A3, 1 B1, and 1 B3 fracture. Three patients had an
antebrachii fracture. Mean American Society of Anesthe-
siologists (ASA) score was 2.4. Eight patients had associ-
ated lesions. Average operative time was 58 min. All
fractures healed without major loss of alignment. There
were two major complications: one patient developed a
carpal tunnel syndrome and one device secondary dislo-
cated. With the use of the Micronail
, we found no
infections or complications due to the insertion of the
osteosynthesis materials. Patients experienced good to
excellent results, on an analogue scale, in function of their
wrist from the procedure. All patients had a good range of
motion of the operated wrist; the difference between their
two wrists was maximal 10 in all directions.
Conclusion This intramedullary implant intends to mini-
mize some of the disadvantages of other surgical options in
the treatment of distal radius fracture; the Micronail

causes less tissue damage and has early load-carrying
capacity. This minimally invasive technique seems suitable
in selected, two-part dislocated extra-articular and average
displaced intra-articular, distal radius fractures.
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Introduction
Fractures of the distal radius are a common problem. The
incidence in The Netherlands is more then 10,000 each
year [1]. Most of these fractures occur in the elderly, at an
average age between 60 and 69 years [1]. Most times,
distal radius fractures can be treated conservatively with,
after repositioning if necessary, a splint for 1 week, fol-
lowed by a circular cast for 3 or 4 weeks [2–4]. Operative
treatment, however, has the advantage of anatomical ﬁxa-
tion and early realized osteosynthesis, which results in
early load-carrying capacity [5]. Operative treatment
options include percutaneous pinning, external ﬁxation,
internal ﬁxation with plates, and a combination [1, 2, 4–
15]. These techniques are either percutaneous and instable,
open or externally ﬁxated. Currently, the operative tech-
nique of choice for most surgeons is open reduction and
internal ﬁxation with volar ﬁxed-angle plating [16–20]. A
new device combines the beneﬁts of the different surgical
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 (Fig. 1). The Micronail
 is a
minimally invasive intramedullar titanium pin ﬁxation for
two-part dislocated extra-articular fractures and mildly
displaced intra-articular fractures. The Micronail
 supplies
locking buttress screws support and reduces soft tissue
complications due to its minimally invasive intramedullar
surgical technique. In our hospital, we have used this
intramedullary ﬁxation method since 2007. This article
describes a retrospective series of the ﬁrst 20 consecutive
wrist fractures in 18 patients. We describe the operative
technique and evaluate clinical results and the radiologic
outcome.
Patients and methods
Patients
From January 2007 to July 2008, there were 18 patients
with 20 distal radius fractures treated by Micronail
 ﬁxa-
tion. Average age was 77.9 years (range 58–89 years). One
(6%) patient was male and 17 were female. In 13 patients
the wrist of the dominant hand was fractured. All fractures
resulted from low-energy fall from standing height. Mean
American Society of Anesthesiologists score (ASA clas-
siﬁcation) was 2.4 (range 1–3).
Operative technique
The patient’s fractured wrist (Figs. 2a, 3a, 4a) is placed on
a radiologic lucent arm support. Through closed reduction,
using ﬂuoroscopy, and temporary ﬁxation with one Kir-
chner wire (1.6 mm K-wire) anatomical repositioning is
achieved. An incision of 2–3 cm is made over the radial
styloid process (Fig. 5a). Care must be taken not to harm
Fig. 1 The Micronail

Fig. 2 a X-rays of the right wrist in a 78-year-old female, after a collapse; a two-part dislocated fracture can be seen. b Anteroposterior and
lateral radioscopic view during surgery, after positioning the Micronail
. c Control X-ray of the wrist after 4 months of follow-up
Fig. 3 a X-rays of the left wrist in an 88-year-old female, after she
stumbled and fell on her left hand/wrist, showing an intra-articular
fracture of the distal radius. b Anteroposterior and lateral radioscopic
view during surgery, after positioning the Micronail
. c Control
X-ray of the wrist after 3 months of follow-up
472 R. van Vugt et al.the superﬁcial branches of the radial nerve, which run close
to the site of incision. Minimal soft tissue dissection is
performed to reach the periosteum, through dissecting the
synovial sheaths of the extensor carpi radialis muscle and
the combined sheaths of the abductor pollicis longus and
extensor pollicis brevis muscle. Three millimeters proximal
to the radioscaphoid joint, a 1.6-mm K-wire is inserted. To
create a cortical window, a canulated drill is placed over
the K-wire (Fig. 5b). Through the cortical window a broach
is inserted into the medulla. To achieve the best position
the wrist should be in ulnar deviation. The tip of the broach
should always be in contact with the radial cortex. After-
wards, the broach is replaced by the Micronail
. Simulta-
neous K-wire ﬁxation just proximal to the subchondral
bone is achieved with assistance of ﬂuoroscopy in lateral
and anteroposterial direction. On the distal part of the
Micronail
 a guiding system for the distal locking screws
is placed. Using this guiding system, three divergent screws
can easily be placed into the distal radius, ﬁrmly attaching
the distal fractured part with locking screws. With a
proximal targeting guide attached to the distal guiding
system, the Micronail
 is ﬁxed through two minimal
incisions with two locking bolts to the proximal radius.
Caution is required to prevent damage to the superﬁcial
radial nerve, which passes close to the site of incision.
During the complete procedure, ﬂuoroscopy is used eight
times in lateral and anteroposterior direction for a couple of
seconds. After removing the K-wires and guiding system,
the stability of the fracture and the range of motion are
tested, as is the position of the device (Figs. 2b, 3b, 4b).
Finally the wound is closed using stitches (Fig. 5c).
Postoperative treatment and follow-up
Postoperatively the patients got a wrist splint for 5 days, to
support wound healing. Immediate ﬁnger motion training
was started postoperatively. Approximately 1 week (range
5–11 days) after surgery the ﬁrst outpatient clinic control
was performed. At that moment, anteroposterior and lateral
radiographs were taken to control the position of the Mi-
cronail
 (Figs. 2c, 3c, 4c). If there were no complications,
load-carrying physical therapy with active range-of-motion
exercises were started. Further follow-up took place at
6 weeks and 3–4 months after surgery at our outpatient
clinic.
Fractures were classiﬁed according to AO principles
[21]. Evaluation of clinical results 4 months after surgery
was performed, using visual analogue scale (VAS score).
We asked patients if they were satisﬁed regarding the
function of their operated wrist. They had to indicate on an
Fig. 4 a X-rays of the left wrist in an 85-year-old female, after she slipped on a carpet and fell on her hand. b Anteroposterior and lateral
radioscopic view during surgery, after positioning the Micronail
. c Control X-ray of the wrist after 16 weeks of follow-up
Fig. 5 a Anatomical approach for incision to place the Micronail
;
care must be taken not to harm the superﬁcial radial nerves.
b Intraoperative approach for incision to place the Micronail
 in
the left wrist. The canulated drill is seen on the left side. c At the end
of the procedure, after inserting the Micronail
 and removing all
devices, the wound is stitched
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operated wrist as bad, poor, average, good or excellent. We
also looked at the range of motion of the operated wrist,
comparing it with the contralateral one. We analyzed
radiologic outcome with regard to union or occurrence of
malunion. Also we looked at the position of the Micro-
nail
, to see if there was angulation, inclination or short-
ening in length due to the operation.
Results
Mean operative time to position the Micronail
 was
58 min, ranging from 41 to 106 min. Bilateral wrist frac-
ture was operated in one setting, taking 106 min. Mean
hospital stay was 7 days (range 1–28 days). The distribu-
tion of fractures according to the AO classiﬁcation was as
follows: 12 (60%) A2 fractures, 3 A3 (15%) fractures, 1 B1
fracture, and 1 B3 fracture. Three patients had an distal
antebrachii fracture.
Eight patients had major associated lesions, not treated
by Micronail
. One patient had a contralateral open com-
munitive distal radius fracture, treated with external pin
ﬁxation. Two patients had a pubic arch fracture, treated
nonoperatively. Two patients had a femoral neck fracture
(Garden 1 and 2), both treated with dynamic hip screws
(Synthes
). One patient had a intertrochanteric hip frac-
ture, treated with a Gamma 3 intramedullary nail (Stry-
ker
); one had a proximal femoral shaft fracture, treated
with T2 femoral nail (Stryker
), and one had a fracture of
the lateral tibial plateau, treated with LCP proximal tibia
plate (Synthes
).
Eight wrists were treated postoperatively according to
the standard guideline, consisting of 1 week cast splint. In
the patients not treated by the standard guideline, eight
wrists were treated with an extra 3 weeks circular cast, to
support mobilization of associated injuries and thereby
prevent overstraining of the site where the Micronail
 was
placed. Due to persisting pain sensation, two wrists were
subsequently treated with 2 weeks soft cast. One wrist was
subsequently treated with a pressure bandage because of
surgical released carpal tunnel syndrome. One patient was
treated with a circular cast for an additional 7 weeks
because of secondary dislocation, which was corrected by
closed reduction (Fig. 6a–e).
All fractures healed without major loss of alignment
(\5 or 2 mm). The following postoperative complications
were seen. Four postoperative complications occured. One
patient developed a carpal tunnel syndrome, probably due
to soft tissue swelling, which was surgically released. One
osteosynthesis device secondary dislocated. After closed
reduction the wrist was treated with circular cast. One
patient developed cardiac decompensation and another
patient a pneumonia. They both recovered uneventfully.
No wound infections were reported. Postoperatively, none
of the patients experienced or reported irritation of the
ramus superﬁcialis nerve.
The average period of follow-up was 4 months (range
3–6 months). At follow-up after 4 months, patients treated
with the Micronail
 experienced good to excellent results
in function. Three patients experienced impaired wrist
function compared with pretrauma status. Using the VAS
score, patients had a pain sensation with mean score of 1.3
(range 0–3), meaning that they almost did not experience
any pain. In the 15 patients who did not fracture both wrists
(two were treated bilaterally, one with external pin ﬁxa-
tion), the maximum difference in range of motion between
the operated and nonoperated site was slight, being 0 up to
a maximum of 10 in all motions. The average difference
in range of motion was 4 (range 1–10) in ﬂexion, 3
(range 0–8) for extension, 7 (range 6–10) for radial
deviation, 3 (range 1–10) for ulnar deviation, 5 (range
3–8) for pronation, and 5 (range 4–8) for supination.
Discussion
There are a number of treatment options for distal radius
fracture. Closed reduction and casting remains the standard
of care in most fractures with minimal metaphyseal com-
minution and displacement of the articular surface.
Although there is growing popularity for surgical treatment
of distal radius fractures, a recent Cochrane database
review does not provide robust evidence for this decision
[14]. There is some evidence for the support of some
treatment options, but their precise role is not established
and nor are longer-term outcomes. A relatively new con-
cept, in adults, is intramedullary ﬁxation [22, 23].
Placement of the intramedullary Micronail
 is mini-
mally invasive and can be done by day-care surgery. This
internal ﬁxation method can be used in two-part extra
articular and mildly displaced intra-articular distal radius
fractures [24, 25]. We used the Micronail
 to treat 20 distal
radius fractures in 18 patients, of which the majority (60%)
were type A2 distal radius fractures. Most patients (94%)
were female, with mean age of 78 years. Although the
Micronail
 can be placed in one-day surgery, mean hos-
pital stay was strangely enough 7 days. There are several
reasons for this discongruency in admission time. First it
could be due to the average age (78 years) and comorbidity
(ASA score 2.4), which affect postoperative recovery.
Second there were six patients with additional injuries
(three hip fractures, one femoral shaft fracture, one tibial
plateau fracture, one open communitive fracture of the
radius) that needed operative treatment. Another reason for
the prolonged stay in our hospital is the decreased self-help
474 R. van Vugt et al.capability and waiting list for a rehabilitation center or
nursing home.
One of the major advantages of treating distal radius
fracture with a Micronail
 is that it allows removal of the
cast and starting early load-carrying training of the wrist
after 1 week. Casting has been associated with compres-
sive neuropathies and complex regional pain syndrome
[26]. It does not allow wrist mobilization, which may result
in stiffness, muscle atrophy, and disuse osteopenia [27]. In
our cohort, eight fractures (40%) could be treated with a
cast for 1 week, followed by load-carrying exercises. Eight
fractures had to be treated with an additional 3 weeks
circular cast, to allow mobilization of associated injuries.
Two patients had two extra weeks of soft cast due to pain.
Two wrist-related complications occurred. One patient
developed a carpal tunnel syndrome. Final treatment was
surgical release, followed by a wrist bandage. In another
patient the Micronail
 secondary dislocated, probably due
to the osteoporotic status of the bones and the lack of co-
operation due to the patient’s mental status. Treatment
was closed reduction and another 7 weeks of cast immo-
bilization. Infection of the osteosynthesis materials, as
often occurs in percutaneous or external ﬁxation tech-
niques, was not seen. Most ﬁxators are transarticular,
resulting in tissue irritation and ﬁnger motion problems
secondary to tendon adhesion. Gripping activities may
reduce, and ﬁxating the wrist in ﬂexion may even com-
press the median nerve. According to the patients’
opinions and the VAS score, treatment by Micronail
 was
satisfactory. Patients experienced good to excellent func-
tion of their fractured wrist, and the pain sensation was
low, with mean VAS score of 1.3. All patients experi-
enced an almost full range of motion of their wrist.
Radiologic results were also acceptable, without major
loss of alignment (\5 or 2 mm).
Our results are comparable to the results of patients who
underwent volar plating, considering ranges of motion,
postoperative pain, and radiologic outcome [14, 16, 18,
20]. Complications in our series, as mentioned previously,
also happen in series using volar plating [28].
The most important limitation to this study is that we
describe a small sample size and that only eight patients
underwent the standard postoperative treatment. This
makes it less comparable with other techniques. Despite
these limitations, we conclude that intramedullary implants
tend to minimize some of the disadvantages of other sur-
gical options in the treatment of distal radius fracture,
causing less tissue damage and with early load-carrying
capacity. With the use of the Micronail
, we found no
infections or complications due to the insertion of the
osteosynthesis materials. It seems that this minimally
invasive technique is suitable in selected, two-part dislo-
cated extra-articular and in mildly displaced intra-articular,
distal radius fractures.
Conﬂict of interest statement None.
Fig. 6 a X-rays of a 76-year-old patient who fractured her distal
radius on the right side. b Anteroposterior and lateral radioscopic
view during surgery, after positioning the Micronail
. c Control
X-ray of the wrist after 10 days of follow-up: a secondary dislocation
can be seen. No evident trauma happened. d Anteroposterior
and lateral radioscopic view during performance of closed reduction.
e Control X-ray of the wrist after an additional 7 weeks of cast
immobilization
Osteosynthesis of distal radius fractures 475Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
References
1. Brink PRG. Distale Radiusfractuur. Ned Tijdschr Traumatol.
2007;15:55–63.
2. Bacron RW, Kurtzje JF. Colles’ fracture: a study of 2000 cases
from the NY State Workmen’s Compensation Board. J Bone
Joint Surg. 1953;35:643–58.
3. Altissimi M, Antenucci R, Fiacca C, Mancini GB. Long-term
results of conservative treatment of fractures of the distal radius.
Clin Ortop Relat Res. 1986;206:202–10.
4. Jupiter JB. Current concepts review: fractures of the distal end of
the radius. J Bone Joint Surg. 1991;73:461–9.
5. Young BT, Rayan GM. Outcome following nonoperative treat-
ment of displaced distal radius fractures in low-demand patients
older than 60 years. J Hand Surg Am. 2000;25:19–28.
6. Clancy GJ. Percutaneous Kirschner-Wire ﬁxation of Colles
fractures: a prospective study of 30 cases. J Bone Joint Surg.
1984;66:1008–14.
7. Strohm PC, Muller CA, Boli T, Pﬁster U. Two procedures for
Kirschner wire osteosynthesis of distal radius fractures: a ran-
domized trial. J Bone Joint Surg Am. 2004;86A:2621–8.
8. Constantine KJ, Clawson MC, Stem PJ. Volar neutralization plate
ﬁxation of dorsally displaced distal radius fractures. Orthopedics.
2002;25:125–8.
9. Hargreaves DG, Drew SJ, Eckersley R. Kirschner wire pin tract
infection rates: a randomized controlled trial between percuta-
neous and buried wires. J Hand Surg Br. 2004;29:374–6.
10. Zamzuri Z, Yusof M, Hyzan MY. External ﬁxation versus
internal ﬁxation for closed instable intra-articular fracture of the
distal radius. Early results from a prospective study. Med J
Malaysia. 2004;59:15–9.
11. Dowdy PA, Petterson SD, King GJ, et al. Intrafocal (Karpandji)
pinning of unstable distal radius fractures: a preliminary report.
J Trauma. 1996;40:194–8.
12. Ring D, Prommersberger K, Jupiter JB. Combined dorsal and
volar plate ﬁxation of complex fractures of the distal part of the
radius. J Bone Joint Surg Am. 2004;86:1646–52.
13. Margaliot Z, Haase SC, Kotsis SV, et al. A meta-analysis of
outcomes of external ﬁxation versus plate osteosynthesis for
unstable distal radius fractures. J Hand Surg. 2005;30:1185.el–
e17.
14. Handoli HHG, Madhok R. Surgical interventions for treating
distal radius fractures in adults. Cochrane Database of systematic
reviews. 2003; issue 3. doi:10.1002/14651858.CD003209.
15. Ilyas AM. Intramedullary ﬁxation of distal radius fractures.
J Hand Surg Am. 2009;34(2):341–6.
16. Protopsaltis TS, Ruch DS. Volar approach to distal radius frac-
tures. J Hand Surg Am. 2008;33(6):958–65.
17. Othman AY. Fixation of dorsally displaced distal radius fractures
with volar plate. J Trauma. 2009;66(5):1416–20.
18. Musgrave DS, Idler RS. Volar ﬁxation of dorsally displaced distal
radius fractures using the 2.4-mm locking compression plates.
J Hand Surg Am. 2005;30(4):743–9.
19. Smith DW, Henry MH. Volar ﬁxed-angle plating of the distal
radius. J Am Acad Orthop Surg. 2005;13(1):28–36.
20. Osada D, Kamei S, Masuzaki K, Takai M, Kameda M, Tamai K.
Prospective study of distal radius fractures treated with a volar
locking plate system. J Hand Surg Am. 2008;33(5):691–700.
21. http://www.aofoundation.org.
22. Orbay JL, Touhami A, Orbay C. Fixed angle ﬁxation of distal
radius fractures through a minimal invasive approach. Tech hand
up extrem Surg. 2005;9:142–8.
23. Pritchett JW. External ﬁxation or closed medullary pinning for
unstable Colles’ fractures. J Bone Joint Surg. 1995;77:267–9.
24. Tan V, Capo J, Warburton M. Distal radius fracture ﬁxation with
an intramedullary nail. Tech Hand Up Extrem Surg. 2005;
9(4):195–201.
25. Brooks KR, Capo JT, Warburton W, Tan V. Internal ﬁxation of
distal radius fractures with novel intramedullary implants. Clin
Orthop Rel Res. 2006;445:42–5.
26. Dijkstra PU, Groothoff JW, ten Duis HJ, Geertzen JH. Incidence
of complex regional pain syndrome type T after distal radius
fractures. Eur J Pain. 2003;7:457–62.
27. Dias JJ, Wray CC, Jones JM, Gregg PJ. The value of early
mobilization in the treatment of Colles’ fractures. J Bone Joint
Surg. 1987;69:463–7.
28. Berglund LM, Messer TM. Complications of volar plate ﬁxation
for managing distal radius fractures. J Am Acad Orthop Surg.
2009;17(6):369–77.
476 R. van Vugt et al.